In vivo precision for body composition measurements using dual energy X-ray absorptiometry (DXA; GE Lunar iDXA, GE Healthcare, Bucks, UK) was evaluated in 52 men and women, aged 34.8 (s.d. 8.4; range 20.1-50.5) years, body mass index (25.8 kg/m 2 ; range 16.7-42.7 kg/m 2 ). Two consecutive total body scans (with re-positioning) were conducted. Precision was excellent for all measurements, particularly for total body bone mineral content and lean tissue mass (root mean square 0.015 and 0.244 kg; coefficients of variation (CV) 0.6 and 0.5%, respectively). Precision error was CV 0.82% for total fat mass and 0.86% for percentage fat. Precision was better for gynoid (root mean square 0.397 kg; CV 0.96%) than for android fat distribution (root mean square 0.780 kg, CV 2.32%). There was good agreement between consecutive measurements for all measurements (slope (s.e.) 0.993-1.002; all R 2 ¼ 0.99). The Lunar iDXA provided excellent precision for total body composition measurements. Research into the effect of body size on the precision of DXA body fat distribution measurements is required.
The measurement of body composition is an area, which has attracted great interest because of the relationships between fat and lean tissue mass with health and disease. The assessment of body composition changes in response to nutritional, exercise or pharmaceutical interventions, progression of disease, aging and rehabilitation, is of great importance to decision making in clinical care (Rezzi et al., 2009) . In addition to the measurement of bone and the diagnosis of osteoporosis, dual-energy X-ray absorptiometry (DXA) has become an established technique for the measurement of body composition in both research and clinical practise. DXA has become a common primary outcome for investigations of the effects of interventions or disease on body composition (Irwin et al., 2009) and the extent of obesity in patients (Uusi-Rasi et al., 2009) In addition, more recent models of DXA are able to quantify android and gynoid fat accumulation, and have been used for investigations of cardiovascular risk (Berends et al., 2009 ).
The iDXA (GE Lunar) was introduced in 2007 and differs from previous models of DXA by accommodating for larger patients with a body mass up to 182 kg. This is of particular relevance for investigations into obesity, metabolic syndrome and the effects of nutritional or surgical interventions.
We determined the short-term precision of the GE Lunar iDXA for measurements of three compartment body composition (total body bone mineral content (BMC), lean mass (total body lipid (TBL)), fat mass (total body fat (TBF)) and percent fat content (%TBF)) and fat distribution (android fat (%AF) and gynoid fat (%GF)). As recommended by the International Society for Clinical Densitometry (Baim et al., 2008) , our study sample represented our DXA centre's population by varying in body size, ethnic group and included both sedentary participants and high performance athletes. The only exclusions were pregnant or breastfeeding women or those who had already had a DXA scan in the preceding year. In all, 34 female and 18 male participants (mean age 34.15 years; s.d. 8.08; range 20.1-50.5 years), who varied by ethnic group (Asian n ¼ 10; Caucasian n ¼ 42). None of the female participants were menopausal. According to body mass index (BMI) classification, 2 participants were underweight (o18.5 g/cm 2 ), 25 were of normal weight (18.5-24.9 g/cm 2 ), 13 were overweight (25-29.9 g/cm 2 ), 10 were obese (30-34.9 g/cm 2 ) and 2 were severely obese
). Physical measurements were made with participants wearing a hospital gown and all metal artefacts removed. Two consecutive total body scans were conducted for each participant, with re-positioning in between scans. Participants lay supine on the scanning table with ankles together using the Lunar ankle supports. Arms were positioned to the side with palms flat on the table, or towards either side of the body, depending on the size of the participant. Participants were required to lie still and no movement was detected for any of the scans. Scans were performed using scan modes determined by the manufacturer's software. The thick scan mode was used for six participants, and all other scans were conducted using the standard mode. Thick scans lasted 12 min and 30 s, and standard scans lasted 6 min and 30 s. After the first scan, participants dismounted the scanning table and were then re-positioned for the subsequent scan. All scans were analysed using enCORE Software, version 11.0 (GE Lunar). Automatic edge detection was used for scan analyses. The machine's calibration was checked and passed on a daily basis before each scanning session, using the GE Lunar calibration phantom. One operator performed all scanning and analyses and followed the manufacturer's guidelines for patient positioning and for scan acquisition.
Results
The raw results for two consecutive measurements are shown in Table 1 . In Table 2 , the precision error is represented as the coefficient of variation (% coefficients of variation (CV) ¼ (s.d./mean value) Â 100), with the square root of the mean of the sum of the squares of differences between measurement 1 and measurement 2 (root mean square), and least significant change (at 95% confidence interval). Precision error was o1% for all measures apart from %AF (2.32%) ( Table 2) .
The in vivo short-term precision values for the iDXA show an improvement from the Prodigy precision values, determined in a previous study (Lee et al., 2008;  Table 3 ).
The two consecutive measurements were highly correlated for all compartments and for fat distribution (all R 2 ¼ 0.99).
The slopes were not significantly different from one. The GE Lunar iDXA is one of the most recent models of DXA, and is claimed to have improved performance and resolution compared with previous models. We found excellent precision for total body composition measurements using the iDXA, with most CV o1%, and all correlations close to one (R 2 ¼ 0.98-0.99).
We have previously reported in vivo precision for total body composition measures in 72 participants, mean age 32.9 (s.d. 13.9, range 16.1-65) years, BMI 21.6 (s.d. 4.4, range 12.0-34.7) kg/m 2 , using the GE Lunar Prodigy fan beam DXA model (Oldroyd et al., 2003) . In this study, we report improved precision using the iDXA, with CVs ranging between 0.5 and 0.86%, compared with those for the Prodigy (0.8-2.7%) (Oldroyd et al., 2003) . There were large margins in CVs between machines for TFM (iDXA: 0.8%, Prodigy: 2.5%) and %TBF (iDXA: 0.9%, Prodigy: 2.7%). Although it should be considered that the participants measured in this study were generally larger in body size (BMI: 25.8 (5.1) vs 21.6 (4.4) kg/m 2 ) (Oldroyd et al., 2003) , the results would imply superior reproducibility of the iDXA for the measurement of body composition.
Precision error for TBL was the lowest amongst all compartments. The CV (0.51%) was excellent in comparison with reported precision elsewhere using older DXA models (12, 13). We have previously reported precision using Abbreviations: AF, android fat; CI, confidence of interval; CV, coefficients of variation; GF, gynoid fat; LSC, least significant change; RMS, root mean square; TBBMC, total body bone mineral content; TBF, total body fat; TBL, total body lipid. Abbreviations: CV, coefficients of variation; TBF, total body fat; TBL, total body lipid; TBBMC; total body bone mineral content. a Data for Prodigy previously reported (Lee et al., 2008) .
the Prodigy and DPX-L to be 0.8 and 1.0%, respectively, (Oldroyd et al., 2003) . Elsewhere, and also using the more recent iDXA model, precision for TBL measurements have also been reported as excellent, with CVs of 0.4% (Rezzi et al., 2009) , 0.52% (Faulkner et al., 2006) and 0.55% (Krueger et al., 2006) .We also found excellent precision for the measurement of BMC, TBF and %TBF, compared with values reported elsewhere for older models of DXA and in a range of participants (Economos et al., 1997; Figueroa-Colon et al., 1998; Oldroyd et al., 2003) . In this study, precision values for body composition parameters are comparable with those reported by studies elsewhere, which have also used the iDXA. In 31 participants, Toussinot et al. (2007) reported CVs of 0.57% for total BMC, 0.59% for TBF, 0.63% for %TBF and 0.45% for TBL. Similarly, in 24 participants, Rezzi et al. (2009) reported CVs of 0.6% for total BMC, 0.6% for TBF and 0.6% for %TBF. Precision values of 0.95% for TBF have also been reported in a sample of 30 (Krueger et al., 2006) . In our sample of 52 participants, there was excellent precision for body composition measurements acquired using the iDXA. The iDXA has higher resolution compared with previous models of DXA, and it is possible that this resolution may improve precision.
The distribution of body fat is an area of clinical and research interest because of the relationships between AF and metabolic syndrome (Lee et al., 2008; Berends et al., 2009) , and between GF and a favourable metabolic profile (Lee et al., 2008; Piche et al., 2008 ). We found an excellent level of precision for measurements of GF, which was lower (Rezzi et al., 2009) or similar (Toussinot et al., 2007) to CVs reported elsewhere. However, we found greater variability for the measurement of AF, with a CV of 2.32% and a corresponding least significant change of 6.41%. Rezzi et al. (2009) reported a CV of 1.3% for AF in 24 participants. Our higher precision error for AF may reflect the variability in body size of our participant cohort, and/or the greater number of participants measured. There are very few reports concerning the reproducibility of fat distribution measurement by DXA, and this is likely to be because of the older DXA models not having this facility. Further research to determine the effect of body size on the reproducibility of body fat distribution measurements is required.
Our cohort reflected the usual research participants who attend our DXA centre, which brought a diverse range of age, body stature, body fat and BMI. Thus, the low precision errors found in this study are unlikely to be because of the homogeneous study sample.
We conclude that the Lunar iDXA provided excellent precision for total body measurements of body composition and fat distribution, in a heterogeneous sample of men and women aged 20-50 years (BMI: 16.7-42.7 kg/m
